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Editor’s Note: this paper describes how long conservation studies have been going on,
and how the findings of studies are being translated into action in the current time.
Abstract: Studies on the conservation of both wild and cultivated Yunnan camellias
(Camellia reticulata) in Yunnan Province, China, were conducted by the Botanic
Gardens of Toyama (BGT), Japan, and the Kunming Institute of Botany (KIB), Chinese
Academy of Sciences, China, as part of a cooperative project in 2007–2010.
Key words: diversity in flower, old Yunnan camellia, pollen grain, pollinator, wild
population
Introduction
Camellia reticulata, known as Yunnan camellia, is an economically and
horticulturally important tree in Yunnan Province, China, especially for Dali-Bai and
Chuxiong-Yi peoples, as it is their ethnic symbol. However, recently, old Yunnan
camellias have become endangered due to environmental degradation, poor
management and excessive harvesting for horticultural purposes.
Based on an agreement between Botanic Gardens of Toyama (BGT), Japan, and
Kunming Institute of Botany (KIB), Chinese Academy of Sciences, China, a 10-year joint
study entitled “Cooperative studies on conservation and sustainable utilization of
valuable plants of Yunnan Province, China” started in 2000. Yunnan camellia was
selected as the target plant for the 4th and 5th periods (2007—2010) of the five joint
research periods, and field surveys on both wild and cultivated plants started in 2008.
The cooperative studies on Yunnan camellia still continue, even after the conclusion of
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the formal project.
described below.

The results of the field surveys on Yunnan camellia are briefly

1. Field survey and registration of old Yunnan camellia for conservation
Old Yunnan camellia is defined as the Camellia reticulata tree aged over 100
years. More than 300 individuals of old Yunnan camellia had been known at the time
field surveys began in 2008, although no scientific surveys of the old trees had been
conducted up until that point. We carried out field surveys in Xiangyun, Yongping, and
Dali Counties in Dali Prefecture, Fengqing County in Lincang Prefecture, Anning City in
Kunming Prefecture, Tengchong City, and Chuxiong City, Yunnan Province in 2008,
2009, and 2011, and described habitat conditions of both wild and cultivated old
Yunnan camellia trees. A total of 24 characteristics, such as tree height, diameter at
breast height (DBH), number of branches, leaf shapes, flower shapes, number of
flowers, etc. were investigated and the individual viability was. Leaf color and petal
color were measured and described for the first time using the device “ColorReader
CR-11” (Konica-Minolta Sensing, Co., Japan), which indicates the Munsell value based
on the Munsell color system.
Among the surveyed 40 individuals of cultivated old Yunnan camellias, 13
were found to be the original trees of horticultural cultivars, and they had often been
planted in temple grounds. A new horticultural cultivar, ‘Ailaohong’(哀牢红), was
found in a private house garden and registered (Fig. 1A).

Fig. 1. Habitat of some old Yunnan camellia surveyed. A: The new horticultural cultivar,
‘Ailaohong’(哀牢红), found and registered during the survey. B: The tallest (17.6m) Yunnan camellia
tree, ‘Guiyeyinhong’ (桂叶銀紅), cultivated in a temple in Wei Baoshan Mountain, Nannuma,
Weishan County, Dali Prefecture. C: The world’s tallest (at that time: 28.5 m) wild Yunnan camellia
52 Prefecture.
tree in Baotaishan Mountain, Yongping County, Dali
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During the field surveys, the tallest (17.6 m) cultivar was certified (Fig. 1B), and the
world’s tallest (at that time, 28.5 m) Yunnan camellia was discovered in a wild
population (Fig. 1C). Some of the cultivated trees require effective treatment for
conservation because they had been in inadequate environmental conditions and
part of the trunks rotted. On the other hand, most of the 25 wild tree individuals
surveyed had grown in good conditions.
Vegetation of wild populations of Yunnan camellia
For the purpose of conservation, we investigated the vegetation and current
situation of forest communities, including wild Yunnan camellia, at two sites in Dali
City and 32 sites in Chuxiong City in 2008 and 2009 (Fig. 2).
The species composition of the wild Yunnan camellia forest is similar to that of
evergreen broad-leaved forests in Southwest Japan, particularly in the Ryukyu Islands.
The wild Yunnan camellia forest is characterized by the genera Castanopsis (Fagaceae),
Schefflera (Araliaceae), and Hedera (Araliaceae) in the tree layer, Eurya
(Ternstroemiaceae), Ligustrum (Oleaceae), and Symplocos (Symplocaceae) in the
subtree layer, and Symplocos (Symplocaceae), Zanthoxylum (Rutaceae), Stachyurus
(Stachyuracea), and Rubus (Rosaceae) in the shrub layer. Since evergreen broad-leaved
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Fig. 2. Evergreen broad-leaved secondary forest growing in Yunnan Province, China, where
wild Yunnan camellia grows. A: Baotaishan Mountain, Yongping County, Dali Prefecture (Jan.
30, 2008). B: Heiniushan Mountain, Chuxiong City (Feb. 20, 2009).

forests have been destroyed by human activities, such as cutting for firewood and
grazing by cattle and goats, restoration and maintenance of the forests are required
for the conservation of wild Yunnan camellia.
In addition, we surveyed the growth states and the light conditions of the wild
Yunnan camellia saplings in Chuxiong, Yunnan Province, China in 2010 (Hasegawa et al.,
2011). It was found that the wild Yunnan camellia has high shade-tolerance.
3. Flower diversity found in wild Yunnan camellia
Wide variation in the flowers of wild Yunnan camellia was found in two
populations, on Zixishan Mountain, Chuxiong City, and on Baotaishan Mountain,
Yongping County, Dali Prefecture. The floral characteristics and pollen stainability of
these populations were investigated.
The Yunnan camellias in the Baotaishan population showed various flower
shapes, single to semi-double flower, as well as rich flower colors from pink to deep
red. The semi-double flower was significantly bigger in size than the single flower,
specifically in flower diameter, petal width, and stamen width. Correlations were
observed between flower diameter and petal length, petal width, and stamen width.
In the Zixishan population, their floral characteristics were compared with
those of the typical wild population of Heiniushan Mountain. The Zixishan population
showed rich flower color and had bigger flowers with numerous petals, compared with
those of Heiniushan population (Fig. 3). The mean pollen stainability of the flowers in
the Zixishan population (74.8%) was significantly lower than that of the Heiniushan
population (87.4%).
Both the Baotaishan and Zixishan populations are located near temple ruins.
Since cultivars of Yunnan camellia have been planted in temples for ornamental
purposes, it is likely that hybrids between horticultural cultivars and surrounding wild
Yunnan camellias have arisen and subsequent introgression has occurred.
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Fig. 3. The flower diversity of the wild population of Yunnan camellia in Zixishan Mountain,
Chuxiong City, where a temple ruin is located nearby (Shiuchi et al., 2012a).

4. Pollinators of Yunnan camellia
Pollinator information is important for the conservation of wild plants
because pollination contributes to successful sexual reproduction. During the
investigations in the field and the botanic garden, we observed three bird species as
pollinators: mountain bulbuls (Hypsipetes mcclellandii similis), blackheaded sibias
(Heterophasia melanoleuca), and brown-breasted bulbuls (Pycnonotus xanthorrhous).
We recorded them using digital images.
Mountain bulbuls and blackheaded sibias were observed on dozens of wild Yunnan
camellia trees in full bloom in a mountain village of Chuxiong City (Fig. 4A, B, C). The
two bird species, which occasionally formed a mixed group, visited wild Yunnan
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camellia flowers and sucked nectar from the flowers.
Brown-breasted bulbuls were observed on Yunnan camellia cultivars planted
in the Kunming Botanical Garden in Kunming City. About ten birds (Fig. 4D) frequently
visited the flowers of the cultivars and sucked nectar while moving from flower to
flower for 10 minutes, before flying away.
According to Kunitake et al. (2004), the brown-eared bulbul (Hypsipetes
amaurotis) sometimes eats wild Camellia japonica flowers, damaging the flower’s
reproductive organs and inhibiting it from bearing fruits. On the Yunnan camellia, the
three observed bird species seemed to suck flower nectar without destroying the floral
organs, therefore these three bird species are considered to be pollinators for Yunnan
camellias.

5. The morphology and fertility of the Yunnan camellia pollen grain
With respect to pollen in the family Theaceae, Tsou (1997, 1998) reported a
special kind of pollen grain, “pseudopollen grain (PPG)”, in subfamily Camellioideae.

Fig. 4. Possible bird pollinators for Yunnan camellia
observed in Yunnan Province, China. A:
56
Mountain bulbul (Hypsipetes mcclellandii similis), Chuxiong City, Feb. 20, 2009. B: The same
individual in Fig. 4A sticking its bill into a Yunnan camellia flower. C: Black-headed sibia
(Heterophasia melanoleuca), Chuxiong City, Feb. 20, 2009. D: Brown-breasted bulbul
(Pycnonotus xanthorrhous), Kunming City, Feb. 12, 2012 (Shiuchi et al., 2016b).
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Fujishita (1997) also reported PPGs in the genus Camellia and some related genera,
and this included the first report of PPGs in Yunnan camellia (C reticulata).
We confirmed that pseudopollen grains (PPGs) were found widely distributed
in the genus Camellia. Of the 55 taxa studied, 35 produced PPGs, while 22 lacked
PPGs. The exine of PPGs looked similar to scallop shells, largely differing from normal
pollen grains under SEM (Fig. 5). The PPGs lack aperture, thus they are not able to
germinate. The PPGs were generally similar in size to the normal pollen grains, but
with a much range of the size variations.

Fig. 5. Pseudopollen grains (PPGs) in five Camellia species observed using electron
microscopy. A: PPG of C. saluenensis. B: PPG of C. hongkongensis. C: PPG of C. pitadii. D: PPG
of C. yunnanensis. E: normal pollen grain of C. reticulata. F: PPG of C. reticulata (Wang et al.,
2012a).

We investigated the morphology and stainability (≒ fertility) of Yunnan
camellia pollen grains in 21 horticultural cultivars, which have been cultivated in
Yunnan, China, and in some botanical gardens in Japan, and in 17 wild trees.
Five types of pollen grains, normal, abnormal, huge, PPGs, and starch pollen grains,
were recognized (Fig. 6).
Five cultivars cultivated in the Maizuru Natural Culture Garden, Japan –
‘Dahong Guiye’, ‘Dahongpao’, ‘Dayinhong’, ‘Jingancha’, and ‘Maye Yinhong’ –
produced PPGs instead of normal pollen grains. On the other hand, those cultivated in
the Kunming Botanical Garden produced only a few PPGs. Environmental factors, such
as high summer temperatures in Japan, may have caused the higher proportion of
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PPGs.

Fig. 6. The five types of pollen grain of Yunnan camellia observed using an optical microscope. N:
Normal pollen grains. A: Abnormal pollen grains, consisting of irregularly sized and/or empty pollen. H:
Huge pollen grains. PPG: Pseudopollen grains. SPG: Starch pollen grains. Left and center: ‘Maye
Yinhong’ cultivated in KBG. Right: ‘Maye Yinhong’ cultivated in BGT. Bar indicates 100 µm (Shiuchi et
al., 2016a).
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